Manganese dioxide (MnO2) possess various allotropic forms such as α-, β-and γ-phases, which are constructed by combination of octahedral [MnO6] building blocks to exhibit various tunneled structures. These unique structures are believed to account for the various characteristics of MnO2 when it is employed as electrode material in lithium (ion) batteries [1] [2] . There is, however, lack of direct proof demonstrating the role of tunneled structure during electrochemical lithiation/delithiation of MnO2.
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In this work, by applying aberration-corrected scanning transmission electron microscopy (ACSTEM) to single α-MnO2 nanowire along both axial and radial directions, the tunneled structure is clearly shown and characterized in Figure 1 Electron Energy Loss Spectroscopy further confirms such an asynchronous expansion property via quantification of Mn valence during lithiation. DFT simulation demonstrates that the asynchronous essential originates from the specific Li-occupancy sequence at Wyckoff 8h sites inside α-MnO2's 2×2 tunnels. Following the theory, the predicted morphology of one partially lithiated nanowire and the experimental observation are shown in Figure 2 , where both match very well. These findings provide fundamental understanding for stepwise potential variation during the discharge of Li/α-MnO2 batteries as well as the origin for low practical capacity and fast capacity fading of α-MnO2 as an intercalated electrode. 
